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Abstract 
This paper reports on tribological behavior of chromium based coating deposited by RF reactive magnetron sputtering process. 
The study is conducted on conventional tooling materials such as aluminum, brass and mild steel that were used as substrates. 
The tribological properties of uncoated pins of aluminum, brass and mild steel with same diameters and after applying chromium 
based coatings were measured by pin on disc tribometer. Conventional materials are subjected to high cyclic loading, friction, 
wear and fatigue resulting in high levels of abrasion. It was observed that application of chromium based coating prolongs the 
reliability and service lifespan of these conventional materials by enhancing their wear resistance.  
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Nomenclature 
PVD Physical Vapor Deposition   
Pa  Pascal 
sccm Standard Cubic Centimeter per minute 
λ  Wave Length 
µm  Micro Meter 
ϕ              Diameter 
COF        Coefficient of Friction 
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1. Introduction 
Thin film coating process has been practiced with vast success in numerous technological fields, like optical devices 
for UV-visible spectral region applications, solar cells/collectors, automotive parts, colored layers, insulating and 
barrier layers in electronic devices. It offers sole benefits in regards of lifetime and performance. Acceptable 
tribological properties between tools and working materials helps in accomplishing the highest resilience of tooling 
service [1-4] 
 
Chromium nitride (CrN) and chromium oxide (Cr2O3) are great candidates for protection of decorative applications 
and steels because of their different colors. Similar to TiN, CrN has attractive mechanical properties [5, 6], it also 
improves the corrosion resistant as it has great oxidation resistance and a good chemical stability. Similar to CrN, 
chromium oxynitride thin films also exhibit interesting properties such as higher hardness [5, 7]and attractive colors 
envisioned for decorative applications [5, 8]. Moreover, chromium oxynitride have promising industrial uses as it 
can be obtained in various colors that differ with composition and thickness. In correlation with Cr2O3, chromium 
oxynitride has a greater corrosion resistance and the layer has a superior uniform structure and adhesion [9]. Collard 
et al. had prepared Cr-N-O thin films via reactive sputtering in an atmosphere having two gases, oxygen and 
nitrogen. Gautier and Machet [10] had used electric arc technique for the deposition of chromium oxynitride. The 
chromium oxynitride films deposited by two methods (sputtering and electric arc) have two different phases: CrN 
and Cr2O3. Suzuki et al.[11]  had developed Cr-N-O thin films by alternative deposition method using a laser beam 
pulsed in nitrogen and residual oxygen atmosphere. The physical deposition of chromium oxynitride in aassorted 
reactive working gas is challenging because of different sticking coefficients for nitrogen and oxygen which creates 
problems for the deposition process. Usually a very high nitrogen gas flow as compared to oxygen is reported [8]. 
So the objective of this work is to deposit chromium based coatings on various conventional materials. Chromium 
based coatings that may be referred as chromium oxynitride coatings consisting of chromium nitride and chromium 
oxide  were deposited  by reactive magnetron sputter deposition of chromium target using two reactive gases namely 
nitrogen and oxygen.  The tribological properties of uncoated pins of aluminum, brass and mild steel with same 
diameters and after applying chromium based coatings are studied in this work. 
2. Experimental Set up 
Chromium based coatings were deposited by RF reactive magnetron sputtering in a conventional designed 
cylindrical chamber (Excel Instruments, India). A 2” diameter chromium target (99.99% purity, 50.8mm × 6.5mm) 
was used for the sputtering process. Vacuum chamber was evacuated up to ~ 6 x10-4Pa with the help of a turbo 
molecular pump backed with a rotary pump. Argon, nitrogen and oxygen gases of high purity (99.999%) were 
injected into the chamber. The flow of gases was kept constant and controlled by Mass Flow controller (MFC), 
(ALICAT instruments, USA). Sputtering was carried out at constant flow rates of argon, nitrogen and oxygen kept 
at 10sccm, 10sccm and 1.5sccm respectively for 60 minutes. The distance of target to substrate was kept constant at 
50mm and the detail conditions for deposition on conventional materials are summarized in Table 1.  
Table 1: Sputtering conditions for depositing chromium based coatings  
Substrate 
Material 
Diameter of substrate 
material (mm) 
Base Pressure 
(Pa) 
Sputtering 
Pressure  (Pa) 
RF Power 
(W) 
Temperature 
(°C) 
Time 
(minutes)  
Aluminum 10 
6×10-4 2 175 600 60 Brass  10 
Mild Steel (MS) 10 
 
To measure the tribological properties of chromium based coatings vertical pin samples of conventional materials 
were used. Uncoated pins of aluminum, brass and mild steel of same diameter were select as substrates and tribo-test 
was performed using pin on disc tribometer (Ducom Instruments Pvt. Ltd).  Tribological behavior was examined at 
variable load and sliding speed as given in Table 2. 
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Table 2: Tribological parameters for tribotest of conventional materials 
Substrate Material with 
Diameter  
Sample Name Load (N) Speed (rpm) 
Brass (10mm) 
B1 10 250 
B2 15 350 
B3 20 450 
Aluminum (10mm) 
A1 10 250 
A2 15 350 
A3 20 450 
Mild Steel (10mm) 
M1 10 250 
M2 15 350 
M3 20 450 
3. Results and discussion 
The XRD patterns of chromium based coatings  were studied by depositing them on corning glass substrates at 
different temperature of 300°C, 400°C, 500°C and 600 °C as shown in Fig. 1. When the temperature is 300°C, weak 
(128) peak of chromium oxide (Cr2O3) having very low intensity is observed. As the temperature of coating is 
increased to 400°C, the evolution of (104) peak for chromium oxide (Cr2O3) is observed along with its weakly 
crystalline (128) peak as reported in literature [12]. Chromium nitride (CrN) phase having weakly crystalline (011) 
peak is also formed at 400°C.  A further increment of temperature to 500°C and 600°C shows negligible variation in 
these textures of chromium oxide and chromium nitride.  
 
 
Figure 1: XRD patterns of chromium based coatings deposited at different temperatures 
 
Tribological properties like wear and coefficient of friction (COF) for chromium based coatings was compared with 
uncoated pins of conventional materials such as aluminum, brass and mild steel with same diameters. The wear 
observed on uncoated pins of conventional materials such as aluminum, brass and mild steel after applying 
chromium based coating is shown in Fig. 2(a), (b) and (c) respectively.  
 
From Fig. 2 (a) it is clear that maximum wear for uncoated aluminum pin is observed at load of 10N and speed of 
350rpm. The minimum wear for aluminum pin coated with chromium based coating is observed at load of 15N and 
94   Divyesh P. Dave et al. /  Procedia Technology  23 ( 2016 )  91 – 97 
speed of 350rpm.  The maximum wear rate observed for uncoated brass pin is at load of 20N and speed of 350rpm 
as shown in Fig 2 (b).  When brass pin is coated with chromium based coating minimum wear is observed at load of 
15N and speed of 450rpm. A similar trend is observed for uncoated mild steel pin that shows maximum wear rate at 
load of 20N and speed of 350rpm as shown in Fig 2 (c).  When mild steel pin is coated with chromium based 
coating it gives minimum wear rate at load of 15N and speed of 450rpm as shown in Fig 2 (c).  
 
Figure 2: Wear observed on uncoated pins of conventional materials before and after applying chromium based coating on pins of  
 (a) aluminum (b) brass and (c) mild steel. 
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The coefficient of friction (COF) observed on uncoated pins of conventional materials such as aluminum, brass and 
mild steel and after applying chromium based coating is shown in Fig. 3(a), (b) and (c) respectively. The maximum 
value of COF observed for uncoated aluminum pin is at load of 10N and speed of 350rpm as shown in Fig 3(a). 
When chromium based coating is applied on it minimum COF observed for it is at load of 15N and speed of 
350rpm. 
 
Figure 3: Coefficient of friction (COF) observed on uncoated pins of conventional materials before and after applying chromium based 
coating on pins of (a) aluminum (b) brass and (c) mild steel. 
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Uncoated brass pin also shows maximum COF values at same condition at load of 10N and speed of 350rpm as 
shown in Fig 3(b). The lowest value of COF is observed at load of 20N and speed of 350rpm when chromium based 
coating is applied on it as shown in Fig 3(b).  
 
Mild steel pin also shows maximum COF values at same condition at load of 10N and speed of 350rpm as shown in 
Fig 3(c) hence making this parameter critical for tribological applications. When chromium based coating is applied 
on mild steel pins minimum COF observed is at load of 20N and speed of 350rpm. 
The lowest value for COF observed for chromium based coating applied on aluminum pin was 0.015 and maximum 
value of COF was 0.298. Similarly minimum and maximum values of COF for chromium based coating applied on 
brass are 0.012 and 0.234 respectively whereas minimum and maximum values of COF for chromium based coating 
applied on mild steel are 0.026 and 0.289 respectively that is in good agreement with literature [13]. 
 
In our case as the load rises it causes increase in friction for majority of the case that is supported by  the results of 
Chowdhury and Khalil [14] for aluminium. An increase in the load causes rise in wear and loss of the metal. The 
preliminary rubbing period breaks the surface layers that smoothens and cleans the surfaces and upraises the contact 
between surfaces and strength of the connections. The friction force owing to the tillage effect among the surfaces 
elevates the temperature between them. This influence results in adhesion, increases the deformation at the surface 
layers and causes further loss of the metal as reported by Miroslav and Slobodan [15] 
 
When load and sliding speed is increased it results in change of shear rate. This event affects mechanical properties 
of materials and in turn increases the destruction and wear of the surfaces, reduces the contact area, and breaks the 
chromium based coating, thereby causing adhesion. The wear from one stage to another depends on the test 
conditions, and the slide speed leads to the formation of membrane protector that reduces the contact between the 
surfaces which is consistent with the findings of Alias and Hague [16]. We are able to achieve reduction in wear rate 
and COF for conventional tooling materials such as aluminium, brass and mild steel by applying chromium based 
coatings that are able to withstand testing conditions of increase in load from 10N to 20N and sliding speed from 
250rpm to 450rpm. 
4. Conclusion 
Chromium based coatings was successfully grown by reactive dc magnetron sputtering onto various conventional 
tool materials. Improvement in tribological properties for pins of aluminum, brass and mild steel is observed as 
compared to the uncoated ones. The superior wear resistance of chromium based coatings on aluminum pin was 
observed at sliding speed of 350 rpm and 15N load, for brass was at 450 rpm speed and 15N load and similarly for 
mild steel at 450 rpm sliding speed and 15N load. When chromium based coating is applied, minimum COF 
observed for aluminum pin is at load of 15N and speed of 350rpm, for brass is at load of 20N and speed of 350rpm 
and for mild steel is at load of 20N and speed of 350rpm. 
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